The ch4 mutant of sweetclover (Melilotus alba) has previously been demonstrated to be temperature-and photoperiod-sensitive for the accumulation of chlorophyll. Pigment content of ch4 mutant leaves was examined as a function of trifoliolate mass, an index of leaf development. Inhibition of chlorophyll accumulation caused by increased growth temperature or decreased photoperiod can be attenuated during the earliest leaf development stages but is almost complete after the trifoliolates have reached 10 milligrams in size. Once this size is reached, the total amount of chlorophyll per trifoliolate remains constant, and the amount of chlorophyll per gram of leaf decreases as the leaf expands. We have evidence for several other sweetclover mutants with this general phenotype, all with alterations previously determined to be located in different genes as evidenced by complementation following genetic crosses. This mutant phenotype may represent lesions in the chlorophyll biosynthetic pathway or the assembly of the photosynthetic apparatus.
During a recent study on nuclear mutants of sweetclover (Melilotus alba) with less than normal amounts of Chl b, it was discovered that the ch4 mutant, which is normally characterized by somewhat reduced amounts of Chl and an elevated ratio of Chl alb, was temperature-and photoperiod-sensitive (8) . Growth of the plant at 23°C and 16 h photoperiod (termed a permissive condition) resulted in its usual phenotype, leaves containing about one-third the normal amount of Chl and a somewhat elevated ratio of Chl alb. However, growth at 26°C and 16 h photoperiod or at 23°C and 8 h photoperiod (termed nonpermissive conditions) resulted in production of stunted plants with yellow leaves. The effect of the mutation on plants grown under these latter conditions appeared to be relatively specific for Chl content, which was reduced over 20-fold relative to normal plants; the amount of ribulose 1,5-bisphosphate carboxylase activity, an indicator of cytoplasmic and chloroplastic protein synthesis, was only half of normal. It was suggested that the molecular basis of this mutation was some developmentally regulated process involved in pigment production.
The data in this manuscript will demonstrate that the ch4 mutation appears to set limitations on MATERIALS AND METHODS Plants used for the majority of these studies were normal (U389, + / + genotype), temperature-and photoperiod-sensitive for pigment production (U394, ch4lch4 genotype) and Chl b-lacking (U395, chSlch5 genotype) strains of sweetclover (Melilotus alba) (8, 9, 14) . Additional strains (U397, U369, U371, and U372), containing mutations in the ch7, ch8, chMO, and chll loci, respectively, were previously described (4, 12, 14 Figure 3 . Trifoliolates from ch4 mutant plants grown under continuous illumination slightly increased their Chl content as their size increased (Fig. 3A) even though the specific Chl content decreased markedly. The total Chl content of trifoliolates from plants grown under 16 h of normal illumination (Fig. 3C) or under 16 h of normal illumination followed by 8 h of dim illumination (Fig. 3B) remained relatively constant as the trifoliolates expanded.
Since previous results (8) (Fig. 5) , the effects of growth under decreased photoperiod are seen to have been similar to those caused by growth under higher temperature. The trifoliolates of the normal and ch5 plants showed steady increases in total Chl content as they increased in mass, whereas there was little increase observed in the trifoliolates from the ch4 plants.
A number of other mutants are available in sweetclover which have also been reported to have somewhat elevated ratios of Chl alb (14) . These mutants appear to have lesions in different genes than the ch4 mutant as determined by the ability to complement following genetic crosses (4, 12) . A number of these mutants were grown at either 17 or 26°C with a 16 h photoperiod and 60% RH. Of the mutants tested, four appeared to be markedly affected by the difference in growth conditions. The pigment content of these mutants was measured as a function of trifoliolate size and quantitatively confirmed this observation. for the chll mutant are presented in Figure 6 . No attempt has yet been made to determine if differences in pigment content of these four mutants can be further altered by growth at higher or lower growth temperatures or different photoperiods. Interestingly, the data indicate that it is growth at lower temperatures, and not higher temperatures as is the case for the ch4 mutant, that leads to a decrease in pigment content in these four mutants. (2, 6) . Alterations in the ratio of Chl alb may also be a secondary effect of the mutant. Leaky mutants would produce lower levels of intermediates in the Chl biosynthetic pathway than those present in normal plants. Such leaky mutants for Chl biosynthesis in higher plants have been reported (7, 10, 13) . Lowered concentrations of the intermediate just prior to the branch in pathways leading to Chl a or Chl b might perturb the final ratio of these two pigments. This phenomenon has been observed in mutants of the Oy locus in maize (Zea nmays), in which the amount of total pigment and the ratio of Chl alb is strongly influenced by the environment during growth (5. 11).
We previously suggested (8) that phenotypic plasticity may be a common feature of mutants having some, but less than normal levels of, Chl b. There appear to be at least five different genes in sweetclover where mutation can give rise to the temperaturesensitive phenotype described in this and the preceding (8) paper. These mutants were all originally selected because of a decreased Chl content and an elevated ratio of Chl alb. Thus, it seems possible, by making use of the temperature-sensitive Chl-deficient phenotype, to isolate a series of mutants conditionally impaired for the various steps involved in the production of Chl a and b and perhaps for incorporation of these pigments into the photosynthetic apparatus as well. Such a series of mutants in a single species could prove useful in studies on the regulation of Chl biosynthesis and expression.
